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EXECUTIVE SUMMARY

ReaI-Ti#te Forecasting of Contaminant Loading from the Panoche/Silver Creek
Watershed to the San Joaquin River

Water quality in the San Joaquin River is affected by runoff and sediment contaminant loads from
west-side ephemeral streams. Measures to limit these contaminant loads including eariy-warnlng
systems of significant runoff evenLs can help to reduce tbe impact on San Joaquin River water
quality. CALFED has supported tbe continuation ofa demenstration project to improve management
of water quality on the main stem of the San Joaquin River. This project includes the improvement
and upgrading of a system of flow, eledrical conductivity and temperature sensors along the main
stem of the San Joaquin River, along each of the major east-side tributaries and inajor west-side
conveyances (Mud Slough, Salt Slough and in the San Lnis Drain).

The newly installed monitoring stations and currentIy avaihble computer simulation models of
precipitation, snowmelt and runoff for the east-side watersheds allow tbr advance forecasts of east-
side tributary streamflow. However, the sonde capability is not yet available for the west-side. West -
side ephemeral streams can deliver flows up to 10 % of the total flow into the San Joaquin River,
carrying sigqaificant sediment, salt, and selenium loads. Impleurenting new predictive naodeling and
measurement applications to the west-side drainage will expand tbe San Joaqhin water quality
monitoring network.

We propose to add to the existing real-time waler quality management network by moving upstream
into lhe PanochelSilver Creek watershed whose ephemeral slreams periodically deliver significant
flo~,( and contaminanls to the San Joaquin River. We witl accomplish this by: (1) developing a li~ed
precipitation and strearnt]ow forecast system; (2) install new telemetered precipitation, flow and wator
quality monitoring stations within the upper walershed; and (3) in conjunction with the
Pmrechc/Silver Creek Coordinated Research Management Progr~un (CRAMP) and McCalley, Frick
and Gilman, lnc (MFG), collect dala during sigmficant stoma events and i5_trther develop an erosion
and sediment transport model for the watel~hed.

This project will build upon and strengthen the existing water quality monitoring activities in Ihe San
Joaquin River and generate a lm’ger more effective user base. By advancing our present monitoring
capability with numetical weathcr and streanaflow predictiol~S, we will be able Io forecast times of
potential high runoff concentrations, maintain an expanded operational flow and water quality
monitoring network, and provide advisories via the SJRMP web site and SIRWQOP listservcr.
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PROJECT DESCRIPTION

Real.time Jbrecasting of contaminant loading from the Panoche/Silver Creek
Watershed to the San Joaquin River

Proposed Scope of Work

Water quality in the Sail Joaquin River is affected by runoff and se(fimont contaminant loads from
west-side ephemeral streams. Measures to iinait these contanimmat loads including early-warning
systems of significant runoff events can help to reduce the impact on San Joaquin River water
quality. CALFED has supported the continuation of a demonstration project to improvc n~nagement
of water quality on the mare stem of the San Joaquin River. Th~ project includes the improvement
and upgrading of a system of flow, electrictd conductivity and temperature sensors along the main
stem of the San Joaquin River, along each of the major east-side tributaries and t’najor west-side
conveyances (Mad Slough, Salt Slough and in the San Luis Drain).

The newly installed monitoring stations and cmrently available computer simulation me~els of
precipitatibn, snowmelt and runoff for the east-side watet~heds allow for advance forecasts of east-
side trPontary stma~rLflOW. However, the same capability is not yet available for the west-side. West -
side ephemeral streams can deliver flows up to 10 % of the total flow into the San Joaquin River,
carrying significant sediment, salt, and seleninm loads. Implementing new prethctive nrodeling and
measurement applications to the west-side drainage will expand the San Joaquin water quality
monitoring network.

We propose to add tu the existing real-time water quality management network by moving upstream
into the the Panoche/Silver Creek wate~hed whose ephemer’d streams periodically deliver significant
flow and contaminants to the San Joaqnin River. We will accomplish this by; (1) developing a linked
prealpitarion and sUeamflow forecast system; (2) install new telemetered precipitation, flow ~nd water
quality monitoring stations within the upper waiarshed; and (3) in conjunction with the
Pauoche/Silver Crack Coordinated Research Management Program (CRMP) and McCulley, Frick
and Gilman, inc (MFG), collect data dut-ing significant storm events and further develop an erosion
and sediment transport model for the watershed.

This project wilI build upon and strengthen the existing water quality monitoring activities in the San
]oaquin River (Fig. 1) and generate a latger morn effective user base. Figure 1 shows the synergy of
the proposed project with the CALFED-sponsored Real-Time Water Quality Management Project on
the San Joaqnin River and wi/h other proposed actions to control salt loads fmtn wetlands in the
Grasslands Basin. By advancing our present na~mitoring capability with numerical weather and
strearaflow predictions, we will be able to forecast times of potential high runoff concentrations,
maintain an expanded operational flow and water quality monitoring network, and provide advisories
via tlie SJRMP web site and SJRWQOP l~stserver. The following sub-sections provide descriptions
to our 1~’oposed utodcling, monitoring, and sediment Iransport activities.

1. Modeling

1.1 Numerical Weather and Strear~flow Prediction

Tlic LBNL Reginwal Climate System Model (RCSM) is composed of a pre- and post-processor
uesthag a suite of pliysically-based models for predicting and assessing both cfiraate and weather
(Fig. 2). It has been anacess~hlly predicting fine-scale precipitation, temperature, energy budgets, soil
moisture, runoff, and streamflow in California (Fig. 3) for over five years (Miller and Kire 1996,
1997, Kim et al. 1998). Inirial and lateral boundary conditions tbr our mcsoscale (12 kin) numerical
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wealher predictions are provided by the NOAA National Center for Euvh’o~mlental Prediction
(NCEP) large-scale forecasts. RCSM prodnces d~ly 48-hour forecasts wi~h 6-ho~ ~c~ving for ~
of C~o~a on a 12 km model grid ~d ~a-w~igh~ basin-scMe ~c~v~ ~omcas~, ~go~g
advances for improving ~e mo~l p~cipitafion forecasting ~pab~ include ~e tes~g of different
p~ipit~on convection schemes, simulation of a 1 ~ nonhy~’ostafic modal for gene~g
dis~ibufion functions, ~d experimental o~r~fion~ fo~cas~s using ~e no~y&’ostatic mesosc~e
model at f~e sc~e (1 ~).

1.2 Coupled Runoff-Streart~ow and Monitoring

Acetate ~noff fol~casting in the Panoche/Silver C~ek watershed is complleatcd by the midiff of ~e
l~dscape ~d ~gh depend~ce on ~e eh~er of in¢fividu~ storm events. Not ~ storms ~ncr~te
runoff and streamflow in the epheme~ watercourses of the PanochdSilver Creek watershed -
s~t~ned pranipimtion combined with tfigh ~aldu~ soft moistm~ can create conditions ~t generate
l~gh volumes of runoff. Flood producing rainstorms c~ occ~ over the P~och~Silver C~ck
watershed anytime between October ~d April. The steep terr~ ~d sp~se vegetation cover, nmde
worse by overgrazing, con~’ibutc to ~ "flashy" ~e of floods from raitmtortm of m~erate
intensiU. The upper reaches of Panoche ~d Silver Cr~ks ~e well define& Upon entering ~e Valley
floor, the tfistofic ch~nel is i~ defin~ ~d is ~nca~ in many ~eas by cdfiv~d fields, de~ve~
c~als and drains. During high runoff events, flood wa~rs ove~ s~eamb~ks on the valley fl~r
~d sp~ad overlm~d. In ~ cases the flooding occurs in a uact noah of Be~ont Av~ae ~d ponds
ag~nst the Tlfird Lift C~ of the F~ebaugh C~ Water District. Ho~ls ~vc occt~ed ~ong
P~oche Creek in 1950, 1952, 1962, 1973, 1977, 1978, 1981, 1986, 1994 and 1995.

Coupling output ~om the RCSM st~a~ow to the monitor~g system ~1 be anto~d wi~n ~e
RCSM postpr~essor. A ~fipt file will be w~r~n for a pro~dure ~at an~m~c~ly u’~sfcrs 6-hour
cmn~aive pr~]pita~on ~d me~ s~ean~low to the local ~mputer used as ~e mo~todng link. This
will involve identifying the P~och~Sitver Cr~k watershed within ~e mesoscale m~E1 grid ~d
~hiv~g ~ea-we~t~ bas~ averaged ~veafl~er vmfables ~d fluxes. T~s will ~so require
c~ibrafing ~d veri~ng the RCSM-s~eamflow code with av~lable ~tofical r~n gage ~d s~
gage data. A number of soil moisture sensors bu~ed ~ proximity to the precipitation and flow
moni~fing stations will help provide lc~l time info~aation of ~e l~elih~d of storm-produced
overl~d runoff. RCSM-pr~uced soil moisture will ~ evaiuated ag~nst obse~ed v~ues ~d used to
improve ~nodal soil mois~e p~cmbfiity.

2. Expanded Monitoring Network

We propose to expand the existing a~tl-thl2e monitoring network, established by the San Jonquin
River Management Program’s Water Quality Subconmaittee (SJRMP-WQS) by (1) instaRing two new
telemetered ]:wecipitation stations in the upper watershed; and (2) installing flow and water qnalily
mottitofing stations at strategic locations along Pananhe and Sll~er Creeks, above the confluence of
these ephemeral streams. Lawrence Berkeley National Labor~V:ory (LBNL) and McCulley, Frick and
Gilman (MFG) will be responsible for installation snd initial operation of these stations. The
Coordinated Resource Management Program (CRMP) will assist in the training of local landowners
to maintain these stations.

Figures 4 and 5 show the location of existing CIMIS weather stations (PNH, IDR and PCH) in the
w~tershed and the approximate location of the new stations, respectively. Figure 4 is a USGS-based
1:125,000 USGS DEM with our GIS-derived streanfflow network indicating the project footprint and
proposed mingagc and flow gage Iocations. Figure 5 was obtained from the California Data Exchange
Center (CDEC) web site. CDEC providcs users with 15 minute updated streamt]ow and precipitation
gage data. Of these stations only PNH and PCH are currently operational, Stations PNH and PCH
am inadequate to estimate precipitation ~ot~ls when weather systems approach from the south or
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south-west and hence are not sufficient for accurate runoff forecasting from the watershed. The
location of the new precipitation stations will address some of this deficiency~

The flow and water quality station on Silver Creek will be located at a bridge culvert to minimize
rating shifts and site maintenance. Only during the nloat severe storms does water flow over and
around this bridge. The flow and water quality station on Panoche Creek has yet to be selected. Site
m~cessihility, proydmity of local landowners, the stability of the channel cress-section, and the
catctunent area will be considered in the final selection by LBNL and MFG.

These stations will be linked to the ctm’ent CALFED-sponsored real-time water quality monitoling
stations, and will be worked into the forecasting model used ~o predict San Joaquin Privet flow and
electrical conductivity at Vcrnalis. Because the stations in the upper wa~ersheA will be inaccessible for
much of the winter rainfall period, the sensors deployed at these stations will be robust and eapablc of
producing accurate results with infreqnent mainteu~mce.

Tlic soil moisture sensors will utilize state-of-thc-art tumography technology developed at LBNL.
Thase sensors ~re mum robust and accurate than resistance blocks or tensiometers and draw li~e
power. Collaborating anfface water hydrologists at UC Berkeley" (Die~ch et al. 1982,1992, 199S,
1998) have extensive experience in instrumenting hillslope sites with these sensors.

Additional sub-watersheds have bccn identified for instmmentalion in ot~ler to calculate specific
runoff and contmmnant loading factors. Malntemmcc of existing collector stations with the installation
of continuous flow and conductivity monitors to augment existing data will be required, Data on the
ratio of watci to sediment is necded to detmrnino sele.almn and salt loads and will be collected by
MFG as part of their sediment and erosion mooitoring work, Chenfical and isotopic data on water and
sediment as well as data on the relationship between selealttm spealafion mid particle sizo w~d be
collected by MFG and LBNL to dctcrnline ll" readily obtained poa-dcle size analysis can be uacd to
substitute for more cosily selettimn analysis. The f~cilities of tile internafiumdly rccogmzed Center for
]sotupe Gcochcntistry at LBNL will be utilized for this component of die project, With k~aowledge of
the underlyiug structure and geologic formations of the watershed isotopic dam can be utilized to
dat~rmme possible recl’mrge pathways tkrough historic streams channels, and remnants of natural
alluvial fan structures to predict flow and movement of selealferous waters.

3. Erosion and Sediment Trans~ort

In the past decade the USGS established watershed collecting stations, designed to sample suspended
sediment automatically on fast - rising streams since this area is remote and difficult to reach at
appropriate times to sample in the rainy season. The water/sediment data was used to define pfimat7
mass loading of aclanium into existing surface water systems, aquifers, and the adjacent alluvial fan
in the western San Joaquin Valley. Samples taken fi’om five initial sites in Panoche and Silver Creeks
showed significant selenium transport in the initial first flush. Sustainability of a rather high level of
selenium even with large amounts of water flowing down the creek, and a resurgence of higher
aclcnium levels later in the storm sequence due to groundwater contribution to sn’e~urfflow. Rain
gauges and rain sampiers wcm installed at nine locations in order m distinguish the runoff component
from the groundwater component mainly through the use of the isotopic signatures of
deuterinmlhydrogen and oxygen(13)/oxygen.

Runoff, streamflow, and acdimeut transport will be modeled using TOPMODEL (Beven and Kirby
1979, Duan and Miller 1997) concepts. TOPMODEL is a physically-based semi-distributed
hydrologic modal that has been used extensively in Europe and the United States to predict rainfall
runoff and sediment transport in both small and large watersheds (Kirkby 1997, Wolock et nl. 1997).
TOPMODEL computes surface overland runoff, shallow subsurface flow, and headwater channel
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flow to the stream gauge station. The RCSM version of TOPMODEL uses similarity of a topographic
index derived frorn Geographic haformation System (e.g. ARC-INFO) coverages of basin
topography to solve for lateral transport. Other required coverages include vegetation, soil type, mad
depdi to bedrock. Application of the RCSM-TOPMODEL will utilize the recent project tram data
collecfion and reannnaisance activities within the svatershed. The hydi’ologie model calibration will be
initially based on the available gauge data and re-calibrated as each additional year of gauge data
becomes avaJdable.

Simulation of sediment delivery to streams and its routing through stream systems witi take place
during the second year phase of this project. The primary data codecllon effort relative to the erosion
and sediment modcting will be undertaken by MFG with assistance from members of the CRMP and
LBNL. IVII~G have per’formed exlensive survey work in the upper watershed in dye past two years to
determine the rn~ior sources of sediment export t?om the watershed and to map areas of erosion
hazard (Fig. 6 and 7). LBNL’s ~aajor role will be to apply a generalized, channel-netxvork based.,
sediment routing model for the transport of coarse and fine sedhnent through the Panoche/Silver
Creek strcant system (Miller el al. 1998). The scxlhaaent transport model development is part of the
Regional Climate Ceuter-RESAC tasks and will link to the TOPMODEL hydrologic modeling of
MiIler and Kim (1996). This advanced routing model will account for storage effects on transit and
residence thnes of sediment (Diettich et ai. 1982) and provide an assessment capability for
detorndning the cumulative effects and recovery times after improved management practices. MFG
will provide input to LBNL for the calibration and verification of the rainfall-~moff-erosion
forecasting tools.

Summary

The proposed work strengthens existing watersh~l projects (CALFED Real-Time Watcr Qnality
Management Project on the San Joaqdin PAver, USBR Riparian Corridor l~valuation Project, State
Water Resources Control Board Erosion anil Sedimentation Study of the Upper Panoche/Silver Creek
Watershed~ and the NASA Regional Earth Science Applications Center at Berkeley) with new
propose~l research applications at Panoche/Silver Creek. This cost-efficient approach will create a
ti’amework for advancing a basin-wide flow and water qualliy forecasting system.
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Location and Geographic Boundaries of the Project

The Panoche / Silver Creek watershed is located in Freano and Sma Benito counties on the western
edge of the San Joaquin Valley in the Coo.stal Range. The 300 square mile watershed contains a wide
range of land uses: approxii~/alaly 30% of the watershed west of [nl~i~tate 5 is utilized for livestock
grazing on land managed by the Bureau of Land Management; the remalaing land is in private
ownership and is used as rangeland grazing or for agricultural crop prodaction. Annual precipitation
in the watershed is between 6 and 10 inches per year and the two emphemcral slrea~z~ that provide
drainage to the watershed, Panoche and Silver Creeks, only occasionally produce runoff. Under
conditions of sustained precipitation of high intensity the watershed is prone to flash flooding. These
flood events can produce significant sediment yields delivering lat~ge mass loadings of salts and trace
elements such as selenium to the lower watershed.

ECOLOGICAL/BIOLOGICAL BENEFITS

Ecological/Biologica] Objectives

Contaminants entering the lower S.IR are the pl"hru~ry stressors. Project benefits include: (1)
generation of real-time discharge and conductivity data and estimates of selenium loading to address
deficiencies in the current CALFED-sponsotod re’d-time water quality foreca.~fing project on the
m~nstem of the San Joaquin Rive~, (2) modeling of runnff and sediment discharge to lower
watershed, (3) coordination of water quality forecasting, and (4) the polential for increasing the
frequency of meeting S JR water quality objectives for salinity as it enters the Delta.

By extension, this Program h~s the lx~tential of reducing the ntmaber and!or magrtitude of tfigh quality
releases made specifically for meeting S JR water quality objecfive~ (e.g, releases of Staaislans River
flows ~’zom New Melones to lower the concentrations of dissolved solids ~ the S JR uear Vernalis).
The water thus saved can then be used to increase streanfflows during critical periods for ao.adromous
fish resturation eftbrts. Besides chinook salmon and steelhead trout, species and species groups
benefitting from increased SJR streamflow include della smelt, longfin smelt, splittail, white mad
green sturgeon, striped bass, marine/estuarine fishes, large invertebrates, and Bay-Della aquatic
foodweb organisms.

The project will install key real-time network stations with telemetered flow mad conductivity in the
Panoche/Silver Creek watershed. Conductivity data may be employed in developmeut and mohitodng
adaptive management strategies that deal with use of the lower S JR by splittail, a species that can be
impacted by high salihity at certal~ periods during its lifecycle. The pl"oject will enhance existing
water quality progranrs that monitor aquatic contaminsnt~ (e.g., selenium and agricuItural cbemlcals)
that may cause acute toxicity and morta~2ty or hing-term toxicity and associated detrimental
physiological responses. ’]’he discharge into the S JR of agrJ.cultural drainage high in se]ehium is a
sertons coutaminant problem in the lower S JR basin and Bay-Delta. Selenium has caused
reproductive failure in sensitive fish species and developmcnt~d deformities in waterfowl and
shorebirds because of its ability to bioaecumnlate within food chains in plant and animal tissue to
levels that can be toxic to higher lrophic organisms.

The project’s water quali~ mohitoring and modeling activities will increase the understanding of
activities that affect SJR water qualily. This inforn~ation provided by this secondary benefit can be
used to assess the impact of other management practices that nltempt to reduce the pellutant load into
the lower S JR and Bay-Delta. Species and species groups benefittin~ from reductions ha
contaminants entering the Bay-Delta are delta smelt, longfin smelt, splittall, white and green sturgeon,
striped bass, resident fish species, marinc/cstua~’ine fishes and large invertebrates, Bay-Delta :.~luatic
foodweb organisms, and waterfowl.
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Non-e~ological CALFED objectives addressed by project include improving SJR and Bay-Delta
water quality for agrlcultural, clrinldng water, industrial, and recreational beneficial uses, The project
will provide data that will facilit~e tile control and timing of wetland and agricultural drainage to
coincide wilh periods when dilution flow is sufficient to achieve CALFED water quality,
concentrations.

TECHNICAL FEASIBILITY AND TL~clING

The technology required for implementation of weather mad streanfflow forecasting at the
Panache/Sliver Creek watershed is at LBNL. The LBNL Regional Climate Center has been
succcssl~lly predicting fine-scale (12 km) precipitation, temperature, energy budgets, soil moisture,
runoff, and streamtlow in California for over five years (Miller and Kim 1996, 1997, Miller et at.
1997; Kim et at. 1999). The RCC’s Regional Climat~ System Model (RCSM) consists of a pre-
processor, process models and a post processor (Fig. 1). The pre-processor is used to pl"epare input
data from laud surface geographical information (Millet- 1997), satellile, and other remotely-sensed
data. It has physically-bused process mo~ls for atmospheric (MAS: Kim and Soong 1996), land-
surface (SPS: Kim and Ek 1995), and hydrologic (TOPMODEL: Beven et at. 1995; Duan and Miller
1997) modeling and deep groundwater, forest-agrianlture production (Anathur 1994, Tsuji et at.
1994), and river sedinaent transport (Diettich et al. 1982, Brenda and Dulme 1997) models under
development. The post-processor provides ou~ut data analysis, impact assessments, and
visualization for a range of users. Thc NOAA National Weather Sen,ice - Sacramento Office and
California-Nevada River Forecast Center have been using ~ RCSM predictions to augment their
weather and stream flow forecasts, watches, and warnings. The success of this work has led to the
establishment of the LBNL Regional Clin~tte Center. This new Center is an umbrclla organization to
foster collaboradve research in California. The new Center has p~ial support from NASA/RESAC
("California Water Resources Research mad Applications Center") and DOF./LDRD ("Effects of
2xCO2 climate forcing on weslern U.S. hydreclimate using the High Peffortrmuee version of the
Regional Climate System Model"). The goals of the Center are to provide California users with state-
of-the-art research, applications, and son,ices related to water resources.

The majority of the work covered in this proposal is direated at delineating the Panoche/Silver Creek
watershed, calibrating/verifying the hydrologic streaufflow medal, applying a to-be-developed
sediment transport model, and expanding the present monitoring network. Streamflow model
calibration will be based on avallabte gage data at the I-5 bridge and at new stations to be located
within Panoche and Silver Creeks upstrean~ of their confluence.

The NEPA/CEQA documentation does not apply to the proposed work, as neither the gaging station
i~stallalinns or proposed model sirnnlntions will have any environmental iropact.

Timing of this proposed project should coincide wi/h Ihe current Real-Time Water Qtl~ity
Management project on Ihe San Joaquin River. Critical times for operation of this system are during
the winter and spring months when significant sustained precipitation event~ can initiate high ~alrffall-
runoff events and cause flooding in the lower watershedi

MONITORING AND DATA COLLECTION METHODOLOGY

Biological!Ecological Objecth~es

The £orccasting system described in this proposal wiE have direct benefits to the aecuracy of water
quality foreca~t~ in the San Jeaqtdn River and hence are coheccnt with CA/FED biological and
ecological objectives for the San Jeaquin Basin.
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Monitoring, Parameters and Data Collection Approach

1. Satellite weather forecast data from NV¢-S
2. Weather data ti’om station at lfighway I-5 and Panoche Road;
3. Flow at three stations (Silver Creek above the confluence, Panoche Creek above die confluence,

and Panoche Creek at entrance to lower watershed. (Panoche Creek at the I-5 bridge has been a
USBR sponsored site since 1998 and is part of the Grassland Bypass Project monitofing
program);

4. Remote water/sedliannt samplera placed in creek beds and flood plains to calculate loading
factors :~or geologicalJy delineated sub-watersheds;

5. Grab samples of unchannelized flood plain waters as flood progresses to Melldota Pool and tbe
San Joaquin River. Integrate water quality sampling with curt’era USGS water quality sampling
prngram as pa~t of the Gcassland Bypass Program.

6. Sediment samples of flood plain and receiving canals such as the Mendota Pool and Pirebaugh
delivery canals to obtain estimates of sediment selenium loading. Integrate the data collection
program with USGS and USBR sedJmant sampling program ha the lower watershed as part of
the Grassland Bypass Project.

Data Evaluation Approach

Real-tiroe forecasts of flow and water quality parameters such as salt znd selenium will be compared
with gauged and moditn~’ed data h~ order to assess the accuracy of the forecasts and to improve
catibratiun of model parameters in the rainfall-r~noff watershed model A quality assurance plan will
he developed ~nr all chef,ileal analyses performed as part of this project as a check on laboratory
accuracy and consistency with USGS and USBR chemical analy~s.

~ypothesis/Questio Monitoring Data Evaluation Comments/Data
n to be Evaluated Parameters and Data Approach Priority

Collection Approach

Task 1. Can runoff andRainfall and streamflow Measured aud A good spatial
streamflow be simulated distrtbutiun of
accurately forecasted precipitation and observation stations
widi given available streamflow will be and a sufficient time
and collected data? compared series is required

Task 2. What degree ofRainfall, slrca~nflow, Mass balance using Remote stations will
accuracy and reliability dissolved selenium, upstream and rely on land owner
can be expected fia)m sediment-bonnd selenimndownstream participaXion for
new rainfall, runoff meastu’emants and maintenance and
and water quality site quality occasional
monitofing sites? assurance troubleshooting.

Task 3. Can we predictSuspended sediment, Compare erosion Physically based
erosion and sediment stream profiles, and sediment deterministic modeling
h’ansport witli a level streanabank transport predictions approach with
of accttracy sufficiant reconnaissm~ce with field TOPMODEL should
tbr watershed measurements, provide more accurate
planning? lbrecasta.
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LOCAL INVOLVEMENT

Loc~ involvement in dre proposed project is slgnificanr and will occur directly through the action~ of
the Coordinated Rcsource Management Program (CRMP) and iardrcctly through the Grassland
Bypass Project. Ms Nettle Drake and Mr Morris (Red) Martin of the CRMP are cooperators on the
proposed study. Likewise Mr Chris Eacock from the US Bureau of Reclanaation, who also serves on
the Data Reporting Team of the Grassland Bypass Project, is a collaborator on the prQiect.

The CRMP was formed ha 1989 and comprises rzmchc~ and landowners in the Panoche!Silvcr Creek
wate~hed, local w~er conservation district personnel, agency personnel from State and Federal
resource agencies, representatives fl~om the City of Mendota and engineering consultants. In 1995,
the CRMP was awar~led an EPA 205j grant to pedbrm an erosion and sedimantation study and to
identify the major sources of sedfl~ent and sediment selenium discharged Io the lower watershed
during large storm events. Th~s ba~sic reconnaissance work was suceessftd in creating a series of
nsel~l GIS maps and in identifying streambank erosion as a major contributor to sediment load
durhig large flood events. The study also recognized the acute need for improved monitoring of
~’ainfall and flows within the watershed.

Since the publication of the report the CRMP has revitalized interest in the Panoche-Silver Creek
watershed, aided in part by the lhree years of hydrologic~dly wet years and the dral/~atie winter
flooding events in the E1 Nine year of 1998. Much of this revitalization of interest can be associated
with the appointment of Ms Nettle Drake as the full-time coordinator of the CRMP for the past 3 1/2
years. Ms Drake [~as been active completing on-the-ground erosion and sediment control projects ha
the upper watershed. She is developing clinics through Califor~fia State University, Fresno and
helping to secure funding fur the US Bureau of Reclanaation and the Bureau of Land Management for
the installation era flow gau~ng statian an Panoche Creek at the I-5 bridge. Ms Drake’s role ha the
proposed project will be to develop landowner involvement ha the m&intenance of newly installed
monitoring stations in the upper watershed.

The Grasaland Bypass Project (GBP) is a multi-year experimental program to help control selenium
discharge to the San Joaquin River from agricultural water districts within the 100,000 acre
Grassland watershed. Flood flows fi’om the Panoche/Silver Creek watershed introduce hunda’eds of
pounds of dissolved selenium and tons of sediment-bound seleniam Io Ihe lower watershed~ adding
to and complicating the accounting of selenium drainage in the GBP. The Panoche W~tter District,
which is the lead local agency, involved in ttae GBP, has endorsed the project proposal because of the
promise of improved aecotmting for selenium discharges from Panoche/S~lver Creek d~wthg storm
event~ and fl~r the capab~ily of producing runoff forecasts. With accurate ranoff forecasts the
Panoche Water District and other affected, water districts will have time to alert their growers of
potential flooding and will have time to make arrangements ~vith the Grassland Water Dise’ic~ for
conveyance of these flood flows through the wetland channels that they operate.

Additional letters of endorsetnent are attached to this proposal.

I --01 8657
1-018657



14-Apr-99 Lawrence Berkeley National Laboratory"
Real-time Forecasting of Contairm~ant Loading from the Panoche ’Silver Creek Watershed to tfie 8m~ Joaquir~ l~vet

(Principnl kwesligaf~r - N. Mille~

Table 3 - Total Budget

Task Direct Direct Service Materials Miscellaneous Overhead Total
Labor SalaD, and Contracts and and other and Indirect Cost
~ours Benefits Acquisition Direct Costs Costs

Costs
(inc. subcontract)

Task 1        1MS             111,872             0             1,094        11,680        58,018        182,584
I

.~ Task 2 1348 76,405 0 127,230 11,.500 4q,054 264,189

~ Task 3 350 43,458 0 97,326 11~00 29,321 181,605

co 0 0 0 0 0 0

0 0 0 0 O 0

Totals 3045 231,735] 225,650 ........ 34,600 136,393 628,378





Attachment E

1 .Water Qu~t~ $628,37~ $628,378
z. $o
3. $0
~- $o
5. $0

(1) (2~ (3) {4) Total (5)
]. Personnel $ 151,985 $ 151,985

~. Supplies $ 3,000 $ 3,000
.Contractual $ 108,0~ $ 108,000

]. O~er $ 4,600 $ 4,600

IndirectOha[~es S 185,557 , $ 185,557
S 628,378
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Attachment E

~.W~,te r Quality $ $ ~28,378 $ 628,378

I1.

2 TOTAL (sum of lilies 811) ~ $    628,378 S - S 628,378
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TASKS:

1. M~deling~hydr~1~gicca~brati~n~v~ri~ati~nf~rth~Pan~¢h~Si~verCreekwnter’shed(LBNL)
1.1. Measure available rain gauge and stream gauge data.
1.2. Perform model integration and continue to improve the hydrologic model calibration, verification

and analysis.

2. Expanded Monitori~rg Network - install two rain gauge and two flow gage stations
2.1. Select optimal flow and rainfall gauging sites after watershed reconnaissance. (MFG, CRMP,

LBNL)
2.2. Install autonlafic rain ganges and telemela7 stations at selected sites (evaluate potential for

rehabilitating station at Ixidria (IDR) - (LBNL, MFG)
2.3. Install flow monitoring stations at selected sites - de/erimne appropriate sensor technologies to

employ. (LBNL, MFG)
2.4. Develop data quality assurance plan and work with CRMP and local landowners to obtain local

paaicipation and involveruent in monitoring site maintanmace. (LBNL, CRAMP)

3. Erosion and Sediment Transport - Water quality sampling, tracer studies, and erosion studies.
3.1. Develop a monituring plan and a quality assurance plan in conjunction with USGS, USBR and

BLM to coordinate activities and avoid duplication of effort. Allocate resources to ensure that all
ruajor runoff events will be oovered for water. (LBNL, NIFG, CRMP, USGS, USBR)

3.2. Quafity and sediment sampling: Sample sigaaificant runoff evet~ts - collect sediruent and water
star, pies for rising and falling l~nbs of stoma hydrograph for Se analysis. (MFG, LBNL)

3,3.Use isotopic analysis of water and. sedimeut saruplcs to estimate partitioning coefficients between
dissolved and solid Se phases, (MFG, LBNL)

3.4. Calibrate sediment erosion mode] using flow records and sediment turbidity data obtained from
individual storm events. (MFG, LBNL)

COST-SHARING

The proposed ~’oject will benefit directly from the LBNL Regional Clhrmte Center. Wifldn the
Center, is a Ca~omia Water Resources Research and Applications Project funded by the
NASA/RESAC Progr~ru. Activities nt the Center include shnulated hydmclimate products ~t short~
tea~ (2 3 day), seasonal, and long-term (dowascaled 2xCO2 scenarios) time scales. The Regional
Climate Center dLrectly supports approximately $60,000/year of research and applications associated
with precipitation forecasts over the Panoche/Silver Creek watershed at fine-scale.

The USBR provides funding to the USGS to maintain a flow mordtoring station at the I-5 bridge at
Panoche Creek. The cost of this monitoring this station and monitoring ~vater quality during episodic
storm events is $75,tl(10/year

Local landowners Ihat we anticipate maintaining these sites will provide approximately the equivalent
of S25,000/year to ruaintaln the ruonitoring sites.

Aurrual Cost Sharing;

LBNL $60,000
USBR $75,000
Loc~ Parfipalion $25,000
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APPLICANT QUALIFICATIONS

NOR_MAN L. M!LLER, Ph.D. is file Head of the Berkeley National Laboratory - Regional Climate
Center. His primary interests are global and regio~tal clinaate and weather processes, numerical code
development, and sensitivity analyses for atmospheric, hydrological and biophysiologieal phenomena
at a range of temporal and spatial scales. M211er had degrees in Engineering Science (Civil and
Environutental) and Meteorology (Ph.D. 1987). Miller has been a DOE National Laboratory Scientist
for over 10 years and has worked in the University of Wisconsin-Madison Water Chemistry Progra~n
for 3 years. He is currently the Principal Investigator for the NASA Regional Earth Science
Applications Center: ’California Water Resourcas Research and Applications Center’ (11/1998-
present); Principal Investigator on a NASA Mission to Planet Earth Project, ’Global Climatic Impact
on Regional Hydro-Climate and its Effect on Southcaatem Asian Afro-Ecosystems’ (10!96-Present);
Partner Chief Investigator on the Australinu Rese~t-ch Council Intemat~oaal Project, ’Impact of
Seasonal Variability on Hydrological Processes ~t Regional and Catchment Scales’ (10/97-present);
Co-PI on the DOE Project, ’Sensitivity of Southxveatem U.S. Hydroclimate to 2xCO2 Climate
Forcing’ (t0/98-present); Co-PI on the U,S, National Assessment - California Region. in the context
of tills Project, Miller brings precipitation and atreamflow rxtodeling expertise. His current
collaboration with Prof. Dieta’ich (tiC-Berkeley Geology and Geophysics Dept) is focusing on
erosion and sediment transport research and applications.

NIGEL QI_qNN, Ph.D.P.E. received a BSc (l-lons) in i~xigation enginee~-ing and hydrology from die
Cranficld Institute of Technology in England and spent thc early part of his career as an irrigation
engineer for Tare and Ly]e inc. designing and troubleshooting irrigation systems in England and in
Africa. He left England for Iowa in 1978 where he taught agricultural water naanagement, rural water
supply engineering and surveying courses for three years, earning an MS in Agricultural and Civil
Engineering and conducting research in soil erosion uader crop canopy, in 1981 he took a position at
Cornel] Univet’sity where he worked on various projects ranging from earthworau velrolcomposting,
pesticide model devalopment and water supply and sanitailon policy in developing countries, co~
taught classes in surveying and cmrtputer progranarmng and eat~aed a PhD in civil and environmental
engineering in 1987. He then joined the San .Ioaquin Valley Drainage Program, retahr~g a faculty
affiliation with Comall, aud took responsibility for development of groundwater and drainage models
to support the Drainage Progra~fs planning effort. With the sunset of the Dralnzge Prod’am be has
continued his work with the US Bureau of Reclamation dividing his time between monitoring efforts
in support of the Grasslands Bypass project, development of real-time forecas0.ng tools for the San
Joaquin River and seleniarn fate and transport research projects. He has been affiliated with Lawrenee
Berkeley National Laboratory for the past 8 years. Nigel is the author of over 50 publications and
reports on various aspects of water reanurces and drainage engineeting,

MORRIS (Red) MARTIN is the Manager of the Westside Resource Conservation District. He is a
certiBed Professional in Et~osion and Sediment Control from the Soil ~ttd Water Conservation Society
and the International Erosion Control Association. ’Martin worked at the Soil Conservatinn Service
for 32 years and retired as the Area Conservationist for the San Joaquin at~d Eastern California. He
h~ been the Manager of the VCRCD for 9 years and has aclmin&tered 11 state and fedeffd grants.
Martin brings extensive bistorlcal knowledge of the Panoche/Silver Creek watershed attd San Joaqttin
Valley to ttfis Project.

FRED CHARLES, PE, Ph.D. was the lead investigator and overall project mauager for the
Panoche/Silver Creek Watershed Assessment (1998) and is intimately familiar with the watershed.
He has over nine yeoa~ of professional experience in environmental consulting related to upland,
riparian, and wetland vegetation estab]islmaent and habitat restoration; sediment control BMP
evaluation and design; hydrology; atormwater hydraulics and control; and soil quality assessment.
Dr. Charles has developed and successfulJy implemented plans for site remcdiation, sediment control,
and establishnrent of vegetation in dlsturhed areas. He has also conducted watershed assessments.
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Dr. Ch0a-les proficiently models hydrologic, hydraulic, and non-point source processes through the
use of existing models o1" by developing compuler code to simulate specific unique situations. He is a
rcgistarcd professional engineer (civii) in California, Colorado. and Idaho, Dr. Charles is an affiliate
faculty member at Colorado State University.

BRENAN ANNETT has conalderable experience wifll biological monitoring and habitat
characterization ha wetlands, stranms, rivers, lakes, and estuaries. He has worked on project,st
Ihroughout tire United States for university research groups and state natural resource management
ageucies. He has experience z~ssessthg habitat usage by fish and invertebrates, and has been involved
in evaluation of the effectiveness of dam byp&~s systems for fish. His work has included assessing
stream reaches for hzbitat suitability as well as preparing and conducling salmonid spawning surveys
in coastal watersheds. He has experience working with coordinated multiple stakeholder watershed
planning programs, ineindJng the Oregon CoastM Saknon Restoration Initiative. He contributed to
the evaluation of sedimentation and best management practices (BMPs) for erosion control in the
PanochciSilvcr Creek Waterstaed Assessment (1998). Be has assisted with ecological risk
assessment in wetland and ten’cstrial environments, He is currently assessing environmental
information related to the Natural Resource Dmnage Assesstnem (NRDA) claims in the Coeur d’
Alene River Basin in northcm Idaho. His responsibilities there iadiude evaluating habitat relationships
among aquatic species in that watershed. Mr. Annett regularly participates in the Paneche/Silver
Creek CRMP and Westside Resource Conservation District meetings.

NETTIE R. DRAKE, has been the full time coordinatur for the Panoche/Silver Creek CRMP tbr the
past three and half years. During this time, the CRMP has completed a set of by-laws, goals for a
Plan of Work, obtained a 205(i) grant for a sedimentation study completed ha November 1998 and
four grants for the continuous suppmX of a full time coordinator. Drake completed on the ground
projects with lando~vners for erosion and sediment control prograJns. She developed tta’ee Climc
projects through the Calitbmia State Universily, Fresno, School of Agricultural Sciences and
Technology, funded for the construction and operation for the last two years of a gaging s~tion on
Panoahc Creek at the Interstate 5 bridge. She also established a positive public image and support
fi-om local, state and federal agencies and legislators.

CHRIS M. EACOCK is a Soil SeienfistiNatuml Resources Specialist with the US Bureau of
Reclmnation in Fresno. Ctwls has extensive experience with developing envh’onmmatal d~cumcntation
and has worked on a variety of projects in the Grasslands BasIn including Panoche/Silver Creek for
more than a decade. Chris is a member of the Data Reporting Team el the Grassland Bypass Project
and has assisted in tfie installation of remote telemea’y stations for flow and EC monitoring. He also
serves as the US Bureau of Reclamation representative on tbe CALFED- sponsored Real-Time Water
Quality Mansgement project on the San loaquin River.
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Stanislaus River Real Time
Temperature and EC Monitoring

~ay & Delta New Molones

CALFED San Joac z
Real

Managea}dnt Lower SN) Joaquin River
~ Wittershed

.i                  ~\.
Real Time Manageme~\~
of Wetland SaltLoads \,\.,

k:i : Real Time Fo~r.ecasting
of Runoff, Sediment ~nd
Contaminant loads

I,:, :,,:,:. I Geographic Scope of This Proposal

~ Geographic Scope of Related Proposals

Figure ~. Geographic Scope of Related CALFED Project Proposals
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THE REGIONAL CLIMATE SYSTEM MODEL

Weather tQPF),

~;oil Water Content,

River Flew,

Watershed-Scare
Hydrology,

C[Iraate Trend and
its Variability,

Crop Responses,

Ecologlc~tl Impacts,

Impacts, ETC.

Fig. 2. The RCSM consists of a pre- m~d pos~-proc~ssors nesting a suite of process models. The pre-
processor p~parcs input d~a £rom land s~rface g~ographical information, satellite, and other
remotely-sensed data. Process n~ode]s includ~ physically-based atmusphcric, land-surl’ace, and
hydrologic models and developing codes for deep groundwater, fores~agriculture productioa, and
riw]~ s~dlm~m Lransport.
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Quantitative Precipitation and Streamflow Forecasts (Hopland, Russian R.)

Fig. 3 The RCSM has successfully predicted 4g-hour precipi ’ration and strcamflow flood s~tagc
(magnitude mad til~aing) at the Hopl0ald Gauge along the Califbrnia coastal Russiat~ River.
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The Panoche/Silver Creek Watershed
(USGS 1:125000 DEM)

Fig. 4 Project Footprint and Steam Network Based on the USGS Digital Elevation Model (DEM) Data.



Stations around PANOCHE ROAD
server)

Only stations w~thln 30 mhau~s or" ~d~de or bngi~ude of the cen~r of the map ~e
Map genera~ by the US Census Bureau map se~ce. Check out their ~ ~terface.

S~tions near here: ASS BM2 BAK MCK BDC BRA BAW BUC BNR BUR C~ CCK CAN C~ C~
CVR O~ DM2 DM3 CHW CHT CBP CLN CTK CYC CRS DSN EDA ELN EST M~ ~T FGC
GGR G~ HND HTG HDZ HID ~S IDR JBI? ~QN KTM K~ ~C ~W CSW MCS MCR ATN LTB
LRA L~ LSB LBN I~BS ~ MDR MGN ~P M~ ~ M~ ~S ~ MRC MSN MST
MCF MNG MTG NCM NCD EXC NEW OKH ORE O~ P~ ~H P~ PSV S~ S~ SJS SJF SLF
LUS S~ SI~ SMI SPA SWW T~ TID ~£ WRT WST ZPC MBB

Fig. 5. California Data Exchange CcnLcr (CDEC) Raiz~ga~e Station, s about Project Footpr
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LETTER OF NOTIFICATION
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Lawrence Berkeley Laboratory
-- ~) 1 Cyclotron Road Berkeley~ Californiaslo~ 486-400994720

NIGEL W ,T. QUINN. PhD. P E>

March 30, 1999.

Ms. Lydia Beiswauger. Chief DepuW
Mereed County Board of Supervisors
2222 M Strget
Merced. CA 95340.

Dear Ms. Beiswanger:

This letter is to infoma you of our intent to submit a proposal to the CALFED Bay-Delta
Program entitled "Real-Time Forecasting of Contaminant Loading from the
Panoche/Silver Creek Watershed to the San Joaquin River". ]’his a joint proposal with
the Panoche/Silver Creek Coordinated Resom’ce Management Committee. a grass-roots
orgmaization comprising local landowners. State. Federal and local agency personnel.

Accurate tbreeasting of flood flows will provide an early warning to the Grassland Area
Fro’reefs allowing more time to plan emergency response plans to these flooding evems.
Flooding of farm land during 1997 and 1998 overwhelmed the resources of the
agricultural water districts in the Grasslands Basin to contain these flows. The effect of
these flood flows on water quality in the San Joaquin River has not been quantified
adequately to assess the itnpact on River assimilative capacity for selenium, boron dad
TDS. The lnonitoring mssociated with this project will help to Jmprove this deficiency ano
will neap to ~mprove the accuracy of water quality forecasts made by the currently
supported CALFED Real-Time Water Qnality Management project on the San Joaquin
River,

We believe ~at succez~ful completion of this study will be of great benefit to landowners
mad water district personnel in the Grassland watershed of Merced County.

Sincerely,

Nigel W.T. Quinn

Geological Scientist
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PANOCHE WATER DISTRICT
52027 WEST ALTHEA, FIREBAUGH, ~:A 936;~ ¯ [15LEPHONE (209) 364-6136 ¯ FAX (209) 364-6122

April 7, 1999

Dr. Nigel W.T. Quinn
Lawrence Berkeley National Laboratory
1 Cyclotron Road. 70A-3317K
Berkeley, GA 94720

Subject: Panoche Wazer District Suppe(~ fo~ GALFr--D Grant P~oposals

Dear Dr. Qulnn:

The Panoche Water District has a long history of supporting innovative drainage reduction
strategies on the west-side of the San Joaquin Valley. As a participant in the Grassland Bypass
Project the water district has invested millions of dollars in the past 3 years to improve monitoring
and increase control ever subsurface tile drainage leaving the water district Significant
reductions in selenium loads contaif]ed irr these discharges have been necessary to meel the
8trier selenium load limils imposed by the Project.

The CALFEG proposal entitled "Real Til~ne Forecasting of Conlarninant Loading from the
PanocheiSilver Creek Watershed to the San Joaquin River" that you are subm[Iting cooperatively
with the Panoche/Silver Creek Coordinated Resource Management is of great interesl to the
District, Rainfall-runofffrom the Panoche/Silver Creek watershed caused floodingto farm land
duling 1997 and 1998 and overwhelmed the resources of the District to contain these flows
Accurate forecasting of flood flows will provide an early warning to the Grassland Area Farmers
8110wir~g more time to plan emergency response plans te these flooding evenls. Successful
completion of this study will be of greal benefit to landowners and water district personnel in the
Grassland watershed

Sincerely,

Dennis Falaschi
General Manager
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California NaturM Resource FoundaNon

Salalrdav, March 2¢~. 1.999

Mr. Earle Cmm~fi~gs, Chairmma
"vVater Quality S,~b~xnnmm ca

Deparnnent of~’ater Resources
3251 S Streel. SacramenLo. CA 95816

Subject: CNRF Support for CalFed Grant Proposals

Dear Mr. Curmnmgs:

The Cahforma Natural Resources Fomidation is a ctmritable non-profit charitable
Foundation and supports a bl~oad a~ray otproject~ to benefit die preser~atton of prodixcxive naia~ra]

Land mad Catde Co. and ~niligadon bal~cs m dee Merced ~ea and the Suisun Marsh. ~’e are
working with interested parnes m Merced and other Son Joaquin Valley dries ro use constructed
wedands to hi,prove fl~e quali~, of discharges from municipal wastewater irearme.n~ plants.

board membe~ to assist in your proposal Our board includes members with skills in finance, habitat
developmenL eommumty relations. St~Xe mid Federal Comrac| Mmm4~erncm. a~ld
c~mpliance. "eVe have a cooperative ngreemcnl m place with the Califorlfia VVaterfow] Association

proposMs:

1. To develop understandk~g ~md improved mmlagcmcnt of’water quality and wetlands ha
Gr~sland~: and
2. The Panovhe-Silver Creek Coordinated Resource Ma~tagemcm ellbt~ to adthess sediment and
nace elements reaching the SanJoaqtnn River flora west-side u-ibutaries,

]Ttie CNRF apprexaate~ the invitation m support these projects, and we are pleased to pro~4de our
entlorsemem fi)r tim gra~at proposals. If a grant is oilseed for these projccr~, we catl offer our services
to accept mad disburse gt~nt fimds, provide teclmical assistance in habitat evaluation or development
work mad in communit) outreach. Vv’e are p.’-aficularly haterested in opportunities I~ involve First
N~tion’s people in habitat work, alld Board member Mike Hmmnm’, tfirough iris position with the
Rur~d hldian Health Services, hms link.~ ~Jld contacts t~ make that happen.

YOU Call CollLacL ille ~ (~09} ~58~902~, ~¢Ve look linward to helping ca~3’ out daese pro, leers.

Ronn T. Slm
Resource Fou)x~’-~’~(~litbrma Natural
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April 1~, 1990

Dr. Nigel W.T. ~uinn
LAWRENCE BERKELEY NATIONAL LABORATORY
I Gyclotron Road 70A 3317K
Berkeley, CA 94720

SUBJECT: Grassland Area Farmers Suppeff for CALFED G~nt Proposals

Deer Dr. ~u~nn

The Grassland A~a Farmers ~ave a long history of supp~ing innovative
drainage r~u~ton s~ra[eg]es on the west ~ide of the ~an Joaquin Valley. As the
proponent of the Grassland Bypass Pro~ect, the Gras~M~ Area Fa[mers have
invested milflons ot dollars m the p~gt 3 years to improve monitoring ~nd
inc~ contr~[ ov~r subsuffaoe tile drainage I~aving th~ ar~. ~[g~ifica~t
reductions in selenium loads con~a=n~d in these discharges have been necessgw
to meet the strict selenium lo~d lim~s imposed hy the Project.

~e CALFED pro~sal entitled "Real-Time Fore~stin~ of Contaminant Loading
from the Panoche/Sllver Creek Watersh~ ~o the San Joaquin Rive�’ ~at you are
submitting cooDerat~ely @th the Panoche/Silver Creek Coordinated R~ource
Management is of great inte~t to Grassland Area Far~rs Rain~ll-runoff from
~e Panoche/Silver Creek wate~hed caused flooding of farmland ~ Jring 1997
and 1098 and ove~elmed the resources of the drainage ar~a to contmn these
flows Accurale for~asting of flood flows will provide an early warning to the
Grassland ~rea Fa~ers allowing more lime for emergency response plans to
deal with these flowing eyeing. Successful ~mpletlon of this study will be of
great benefit to the G~ssiand Area Fa~e~ in ~e Grassland wate~h~d.

Sin~mly

D~inage Coordinator fm [t~ ~a~land Area F~rme~

JCMIo
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REAL-TIME MANAGEMENT OF WATER QUALITY 1N THE
SAN JOAQUIN RIVER BASIN, CALIFORNIA
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JOURNAL OF THE AMEI~ICAN WATER RESOURCES ASSOCIATION

REAL-TIME MANAGEMENT OF WATER QUALITY IN THE
SAN J OAQUIN RIVER BASIN, CALIFORNIA~

1. Use of water quality sensors: cu~’~’exatly ~mly EC,
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BACKGROUND The Grasslands Basin is a hydrologic unit situated
west of the San Joaqu]n River bounded by West ands

The San Joaquin River drains a basin of approxiWater District to tire ~outh and State Highway 140 tc

merely 34,560 square kilometers. Runoff fYom thethe north, that naturally drains te the San Joaquin

basin is dominated by snowmelt and rainfall from theRiver. Th~ suils in the Grasslands Basin are naturally

Sierra Nevada Range and its foothills to the east ofhigh in salts and of low permeabSlity. The low

the San Joaquin River. The three east side tribu . ’ ’nhas resulted m a shallow grou *dwatcr table. [o ranreties, the Merced River, the Tuolumne River, and the
Stanislaus River, *rovide the majority of the flow in rain product vity, the installation of artificial drainage

the San Joaqain River (Figure ]~. The predumi.antis necessary in low lying agricultural areas. Drainage

land use in the San doaquin River Basin is irrigated
produced from a 41,000 hectare ag~’icultura[ area in

agriculture. Irrigated agriculture on the west side of
the southern part of the Gra~vlands Bagi~ [hereafter

the Basin is supplied predominantly by imported referred to as the Drainage St,udy Area (DSA)] con-

whereas the east-side tributaries and gro~md watera~d soluble salts that are harmthl to fish and wildlife.

pro~Sde the majority of the water supply to the east The primary constituents of conce~a are salt, boron,

and selenium.side of the Basin.
From a water quality point of view. the di~charge~ In addition to discharges from the DSA, surround-

from the Grasslands Basin are of particular interest,ing wetland areas also contribute a significact salt

San Joaquia River Basin

g

Drainage Problem Area
(! 000 acres)

Mendota Pool
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load to the San Joaquin River during the springwith subsurface agricultural drainage syst.ems are
months (Grober et aL, 19951 The combined disdesigned to turn on mttomat.icall.y when water reach-
charges from the agricultural ]ands and wetlands ises a set level in the sump. Ilcncc, the pattern of dis
conwyed through a system o~ canals and naturalcharges f~om a~icuRural lands gene~a]ly minors the
sLrcams to ~hc San Joaquin River. Figure 2 showsirrigavion season In contrast, surface drainage dis-
that the salt load contribution to the River ~rom Mud charge from seasonal wetlauds recurs in early spring
and Salt Sloughs, which contain return flows frombetween February and April. Some control of the
both agricultural and wetland areas in the Grassscheduling of the seasonal wetland drainage ca~ be
lands Basin, is high relative ~o other tributa~ sources~xercis~d by wetland managers, ult~ ough thes~
of salt in the San Joaquin R~var Basin~ Dilution of theschedules are determined to a large extent by babltat
truer quali[ff discharges Dom the Grasslands Basin isrequirements and l~cal management preferences of
provided by the eas~ side tributaries. Flows in thepriva~]y ~wned duck clubs.
east side tributa~es are re~lated to a large degraeThe timing of the discharges of dissolved solids and

according to predetermined ~les and release schcdvoir releases are such that the assimilative capacity
ules. These rules and release schedules account forof the San Joaq~ir, River is often exceeded at tbe
flood svorage, fish migration, irrigation, bydropower, compliance monitoring locations. Opportunities have
wa~er quality control, and rccrca~lon, been identified for adju sting tSe timing of d~sch~rges

In contrast to the high degre~ ~f ~gula~im3 ~ndand reservoir releases (A. Hildebrand, 1989, Lelt,~r
contr~l of east-side trihuvary flows, the discharge vfsent to Ed Imhoff, Program Manager, San Joaquin
polluters ~om the DSA has historically been m~rcg VaEey Drainage Program (1985 199~), Sacramento,
Mated and uncontrolled. Sump pumps associatedCalifornia) The praet~cM constraints to making ~uch

2500

2000 ~

E] Subsurface return flows

i500

i jiil500

83 84 85 86 87 88 89 90 91 92 93 94 95

YEAR
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adjustments have not been thoroughly exploredfttll assimilative capacity of the river was available
(Karkoski et el., 1995a). By making such adjustments,and no annual selenium load cap was imposed;
temporal variations in water quality can be mini whereas the CRWQCB model assumed suboptimal
mized, and the frequency of ~olation of water quality use of the assimilative capacity and imposed the
ubjec~ves ~n be reduced. A real-time water quali~yCRWQCB Basi~z Plan’s annual sele~dum discharge
man~emcnt systcm, alongwith psliu~antlsadrsduc 1oad cap of 3,624 kg (CVRWQCB, 1996). The
tion, could allow continued discharge of salt fromCRWQCB model also assumed that a mean m~nual
a~ficultural lands and wetlands while minimizing the discharge of selenium ~om the agricultural water dis
impacts on the San Joaquln River and eliminatingt~icgs to the San Joaqain river was 2,945 ks. Although
violations of water quality ~bjec~ives. the above models differed in certain assumptions, She

premise shared by both m~dels was that regulating
reservoirs could be constructed and me,raged to
respond ~ real-time conditions in the S~n J~quln

REAL-TIME WATER QUALI~Y MODELING River.
IN THE G~SL~DS ~SIN In contrast, ~he analysis used by the CVRWCB

~cvioas real t~me waLer quality modeling e~brtsa modi[~ed EPA load settir, g method~log~’ (Kark~ski
~n the Grasslands Basin have mostly focused onst at. 1D95b; CVRWQCB, ~994) whlcb assumes
screening-level assessments of operational constraintsextremely limited ability to f~recast, and therefore
on, and opportunities for, ~ricultura] drai~age dis-respond to, available ~ssimilative capaclt}: The
charges, The U.S, Bureau of Reclamation (USBR)mo~th]y ~vw recDrd (1970-1991) was divided int~
developed a sophisticated planning modal that consid-eight flow regimes which differed based on water year
ered several alternatives ~o mee~ selenium and borontype (d~ and wet) and s~az~n. The s~lenlum
water quality objectives in th~ San Joaquin Riverlimits were set for the low fl~w co~ditions it~ each flow
(Quinn, 1993; Quinn and Delamore, 1994). The alter-regime (quasi-steady state~ to meet an "allowable"
~ative~ considered were irrigation ~mprovements,rate ef ~olaticn once every three y~ars as allowed
drainage water reuse, ]and retirement, ~nd the use ofby federal regulations.
holding reservoirs to re.late the release o~ drainageTable 1 compares th~ annual allowable selenium
~ the River, These alternatives were optimized toload from the CVRWQCB analysis ~vr dry years and
minimize the size of the radiating reservoirs and ~wet years, under dy~amic (rea]-Lhne) versus quasi-

(selenium or boron) was not exceeded. Tbe r~sults oVTable 1 that the ~dwntages of using a real-time sys
the modeling analysis suggested that with investtern are sig~i~ica~,c to the discharger all,wing a
meats in drainage recycling facili~ie~ ~nd the con-grea~er selenium load to be discharged, annually,
structi¢n of regulating rcscrvoirs wi~h a total caDadty without violating selenium concentration objectives.
of d3 million cubic me~rs, water quality objectives
could be met at all times (USBR, 1991£ The USBR

water quali~y of irrigati:)n water and groundwater

Ancther screening-level model developed by theQuasi Static 14o5 455Central Valley ~gional Wa~r Quality Con~,rcl Board
(CVRWQCB) (J. ~rkoski, 1995 unpublished analy- Dynamlc~a] Time) 3:~[H 21¢~5
SiS) considered the effects ~f]¢ad veducv~ons and

by allowing only 80 percent of the available assimila Operations Modelstire capacity to be used. ~en evaporation effects
were c~nsldcred, the storage size required For radiat-
ing reservoirs was found to be 26.8 million cubic Although the screening level m~dcls point to poach-
meters. ~e large difference in r~gulating reservoirtia] advantages of adopting ~ re~l time wa~er qualit~
volume (4.3 vs. 26.8 nll]llon cubic me~rs) is a func~i~)nmanagemenS system, the :~c~,]a] opportunities
of the different assumptions made in ~he t~o model-presented by such a system can only be evaluated
ins approaches. In the case of the L:SBR model, thewit~ the development of an operations m~del. A~

I --01 8681
1-018681



operations model is inherently more data-intenslverealized ffom a real-time water quality management
than a screening or planning model, system. Novotny el aL (1992) suggested that a cecar-

The literature cow, rains many examples o~ w~tersire parameter cstima~io~ m~thod ibr auvor~gressiv~
rela~d problems ~at h~ve be~n addressed folly vr inmoving average models or a neural ne~work model
pa~ through real-time da~a acquisition], informationwould provide the desir~ble f~ature~ ()~ adaptabilit~
dissemina~io~ and operational control. Much of theand predictability required ~vr real time control
literature describes ~he general field ~f ~ptimiza~on,wastewa~er treatment processes The need ~r these
d~amic programming, and optimal c~ntrol theol,feaLurcs is heightened when the size and variabiSty
~e eWo~s of these researchers highlight some of theof th~ system te he ~nodeled ]ncrease~ (i.e., when Lhc
chaflenges and po~cntla] solutions in the development~orecasL lead times and model e~vo,’s
of a real time water quality management system ~or Although ~hc general p~oblems o~ data r~linbility
the San Joaquin ~ver a~e common ~o mos~ of the r~al time applications dis-

Krajewski et al. (1993) considered the real-t~ecussed in the literature, most appeared relatively
optimal control of power plant co,ling water dis- tractable c~mparcd to the water quality managomsnt
charges. ~e effect of a s~ngle major discharge (powerproble~ ]n the San Jo~q~dn R~wr Basin
plant cooling water re~urn flow) was simulated, along
with ambien~ hydrome~orolo~cal condit~ons to deter-
mine compliance with the te~perat~re s~andard 20
km downstream. A thermal model was used in co~ RE~-TIME DATAACQUIS[T[ON sYsq’~iM

junction with an optimization model; the optimization
model minimized losses w~en the power plant was Although river s~age, EC and tem9erature have
unable tc generate power at a potential level andbeen m~mi~red on a real-time basis, other real time
imposed penalties for violating the temperature stan-wa~r quality moni~riug is generally limited to those
dard The loss ~ncti~n was stochastic in nature sinceproperties and constituents such as temperat~re, pH,
it was dependent on the ~hermn] model - the thermalor dissolved ~xygen for which no sample preparation
model forecasted hydromctcorological conditionsis required. Techniques fur the real ~ime
~sed on assumptions of initial a~d boundary condO-men~ of other paralne~rs of intcrcs~ in ~hc San
~ions Krajewsk~ et al. (1993) were able to determineJoaquln River, such as selenium and boron, have not
the effect of srrors in f~recasted hydrometeoroio~calbeen established nor are reliable so,tsars available.
conditions on model error and the calculated net hen- A real-tlme wa~r quality monitoring network has
efit. been established in thc Grasslands Basi~ a~d along

Novotny e~ aL (1992) investigated the challenges ofvhe mah~ stem of the San Joaquin River. Nine
applying a real-time manageme~t and control systemwere chosen fi:r rea]-~ime mo~i[orlng el’[low, elecvrical
~ wastewater ~reatment plants. ~reatment plants areconductivity and ~emperature a!ong the San Joaq~n
often desired based on assumptions of steady-stateRiver and its tribu~a~es ~hese mon~torh~g sit~s are
c~ncentrations of influel~t te ~hc treatment plant a~dlis~d in order fr[~m upstream [o dowl~stream, tegcLb
eiIluent concentrations from the plant equal to allow- er with the sensor data collected a~ ~ach
abic wa~cr quali~y s~andards Novotny et aI. (1992)
su~ested that a treatment process control and man- * San ~oaquin ~v~r at Land~r Avenue (EC, flow~
agement scheme be adaptive, predictive, and c~Ecicnt, romp)
Such a management m~dc] ~hou]d be able te adapt to¯ Salt Slough at Ilighway 165 Dridgc (EC,
variations in input, able ~o forecast input changes, romp)
and be efficient by ]imi~ff~g idleness ~f pIan~ uait~ ~n4 ¯ Grasslands Bypass (compliam:e p:)i~. ~ite
the discharge of untreated waste. S~oragc was sug (EC, flow, romp)
tested by Novotny et al. (1992) as a buffer against * Mud Slough near Gus~h~e (EC, tlo%
temporal vacations in assimilative capacity of the ¯ Merced River near Stevinson (EC: flow, romp)
recei~ng water. M~del features included an assess * San Joaquin River at Newm~n (~ow)
ment of treatmc:~t plan~ output to the environment, ¯ Orestimba Creek (EC,
response of ~he environment ~o the output and ~p[i- ¯ San ~oaquin River a~ Crows LandJ*~g (EC, flow.
mization of~he system te maximize e~cienck: ~emp)

Kr~iewski et aL (1993) demonstrated ~hat model ¯ San doaqui~ River at V~rnali~ (E~, tip% ~cmp)
errors due ~o lack of in[brma~ion on hydrodynamic
parameters such as channel ge()me~D,, voorly under- The locations of these steti~ns ar~ shown in
stood processes such as ~ound water in[]o% and lace3 The da~a from ?~h~s~ stations is curre~tly te]eme-
of input da~a such as wetlm~d and agricultural returntered via m~dem te central data processing s~ations i~
flows can have a si~ifcant impact on the b~neStst~e USBR a~d the DWR, where ~he Jnfo~a~n
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San Joaquin River at Vernalis ......... ...... -. /

Stanislaus River ’

Tuolumne River

San Joaquin River at Crews Landing .~.                       \,,
Del Puerto Creek ."/San Joaquin River at Newman "

San Joaquin River at Patterson / Merced River near Stevinson /’
Orestimba Creek /

San Joaquin River at Lander Avenue

Mud Slough near Gustine                                                 .~.

Grasslands Bypass/                                           -"~
Site B          ¯

Los Banos Salt Slough                  "
@ Hwy 165

0 10 20
t~t~l krn                                ,.

¯ Sail Joaquin River monitoring sites
@ Tributary monitoring sites

checked for errors and laissh~g values and parsed intl)£o]ids (TDS), boron, and selenium for a 96 km reach of
a format accessible by a daily water quality tbrecast the Sa~ Joaqui~ River from Lander Avenue to ~r
ing model. The evolution of this model and its applica-nalis (SWRCB, 1985). An extensive database was
Lion is the nexus of water resources modelingassembled, wi~hda~a~brwateryears1977Lo1985, Lo
activities in [bur agencies within Ca]i~rnia: the S~aLerun ~he model The SJRIO was modified to accept

Control Board (~pps d al., [997). time step so that it can be used with real t~me flow

The daily model, SJRIODAY, contains

S~ JOAQUIN RWER DAILY
INPUT-OUTPUT MODEL                      " 10 km of Salt Slough helow the Highway

(~RIO) model is a mass balance model which caicu-
lares daily flows and concentrations of total dissolved
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¯ 8 km of the Merced River below the Stevinson The GUI performs five fhnctions:
gaging s~ation

* 24 km of the Tuolumne River below the Modest~ 1. Retrieves real-thne m~m~w~ring da~a for initial
ga~ng station conditiol~s by modem from a dedicated computer or

" 14 km of the Stanislaus River below the R~pon web site (Telemetered daLa ~pdated weekly by field

" Several kilometers of three west-side tributaries:
De] Puerto, Orestimba and H~spital/lngram 2. Edits ~nd uploads water opera~ors’ opcratlonal
Creeks schedules.

3. Runs the prcdlctlvc SJRIGDAY model.
Daily flow calculations for the SJRIODAY model 4. Downloads model results

are made using hydrologic routlag tecbniques. Water 5. Displays t~e results
quality consvituents are considered co~]servativc.
Those data are used to ostablis~ inStial conditions lbr ~£hcrc arc two versions of the GUI. The general vet
model r~ns and Lo generate a two-week forecast ofsion for water operators can edit and ~pload ~pera-
flow and EC. In the absence of real time data, boronLional schedules of reservoir ~le~ses, d~wnload tSe
arid selenium forecasts are msde using the m~s~results of compuMr runs using 0ae ~urecastilig model,
rece~tly available data combined with historicaland display the output f~ona these runs. This verslo~
means and t~e best judgment of the modeler. Realdoes not allow the user Lo nlake a ~]] model run. The
time or forecasted rainfall can be used to ~ccount forf~ll version of ~he GUI has tbe same capabilities
additional runoffin the basin. Real-time da~a are sup-the ~perators’ versio~ hut also a]low~ ~he u~cr to
plem~nted by mean monthly flow and water quality downluad monitoring dat~ and to run the forecasting
data for other model components for which no real-model,
L~me data are available, including: groundwater~
riparian and appropr)ative diversions, surface and
subsurface agricultural return flows, riparian crape
transpiration, evaporation, and precipi~a~io~a. These MGDEL RESULTS AND FORb]CASTS
components are e~Limated within the mode] based on
seasonal variability a~d we~idry water year classifica Forecasts of flow and w~d er quality at Verna]~s
tiot~ pro~dded by the modeler, were made each week f)’om February 22, 1996, to

Ju~s 30, 1997, and a post audit of forecast accuracy
was broadcast o~ Lbe e]ec~rorfic lists~er, comparing
the forecasts wit~ obsc~a~ations obtained IYom CDEC

GRAPHICAL USER INTERFACE              and the rea2-tJme monitoring system (~p~s et
~997). Fibres 5 and 6 show the pe~ormmace of tbe

A Graphical User Iratefface (GUI) was desired f~r fbrecasdng model for predicting flow and EC at Ver
the SJRI0DAY mod~l to be user friendJy by exploiting nalis. The obse~,ed CDEC and ~aodel-simulated flows
the point and-click capability of fl~e Windows system at V~rna]is 8nd the observed CDEC a~ad simulated
(Fibre 4). Upon execution of the GUI a colo~hl map TDS concentrztior~s a~d assimilative capaciLics arc in
of the San Joaquin River system ]s displayed on thecloser agreemettL in the case ¢:f the 1-w~ok forecast
computer screen The user can direct the arrow cu~sorthan fo~" the two week forecast: as ~xDected. Tl~e
to any part of tim map and, using the point-and-click model performed well d~rir~g most of" 1996 and, in
system available witbln Windows, recall tbe data forparticu]~r~ the sum~er ~nont~s, whe~ flows and
review or for cha~gos of input conditions. The userwater quality o,, the San Joaquin River wer~ domi
can also scroll tbrough a dlsp]ay of dales, viewing thehated by agricultural drainage l~om Mud and
temporal variations of water quality parameters atSloughs Predicted salt loads from the water quality
any map location on the screen mid can display spa-lbrecastilig model, SJRIODA~: were consis~nvly with
tial color cod~d changes in water qua])ty a~ any ~venin ~ 11 percent of actual, wltbln ~ 14 ~ercent f~r
hme. By clicking at a time advance button, ~he userseven day forecasts and w~thi~ & 26 percent for 14-
cax] create a near-an~mation of salt movemen~day forecasts for ~he 16-month ~ria] period. 1,] gener
through the San Joaq~in River between Landera~, the model ~eud~ tv overes*.i~ate flow ~s well as
Avenue and Vernalis. EC.

~he San Joaq~dn Va]]oy was subjected to a ~eries of

JOUnN,~ OF THE AMERICAN W~*TE R RssotJRCSs ASSOCI^TION 1479 JAWRA
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and ,lanuary 25, 1997, which produced an extraordi-model, seven-day and 14-day forecasts were 0.93,
nary volumc of runoff from the eastside Sierran0.88, and 0.76 using the full data set, which improved
watersheds. Without an accurate walershed model,~ 0.95, 0.91, and 0.79 when the 48 days dominated by
runoff forecasts were based on estimates of the floodrainfall-runoff events w~re ~liminated.
hydrograph ~Yom each contributing watershed and Figures 5 and 6 illustrate the problems encoun
reaLtimc flow data. When flow and EC for the 48 tered in making acem’atc flow forecasts during the
days domina~d by rainfaWrun~ff eve~s during th~~rial period. Although the model and the runoff fore-
t~a] period were eliminated from the data set, thecasts continued to overestimate tea] time flow~
error bar decreased t~) + 9 percent for ~hc model, andbetween January 14 and Ja~uary 25, t997, levee
~ 11 percent and ¯ 17 perccn~ for the seven-day, andbreaks along the Sma Joaquin River accounted for
14 day forecasts respectively R-squared values £~r ~hesome of the discrepancy In some i~sLances, the model
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and forecasts alerted the analysts to problems in the WETLAND DK~INAGE MANAC.EMEN’V
monitoring networks, which included the failure of an
EC sensor and a flooding problem when a portion of Wetland discharges of salt ta the river have come
¯ e river flow was diverted aro~nd the gaging sLa~i~n,under increased scrutiny ~vcr since the prov~s]on of
The dominance of east side tributary flows on Sanadditional Federal water supply under t~e Central
Joaquin River water quality during the trial period Valley Improvement Act of 1992. In the Grasslands
improved ~he accuracy of ~rediction. Model and fore Basin there are 41,000 hectares of wetlands - acast EC concentrations were n~t signiilcan~/y diftbr bination of pern~aneng, seasonal and uplar~d habitat
ent from the real time EC data f~*r migrating wildfowl of the Pacific FIyway. The

~eatest impact to fl~e San Joaqaln River is from sea-
sonal wetland~ which are asually flooded in the

RE~-TIME M~AGEMENT OF months of September and October and drain during

FLOW AND WATER QUALITY the spr~ng months of March, April aml May. Approxi-
mately 10 percent of the salt in the San Joaquin River
derived from these wetland discharges. The potential

The accuracy of the forecasts performed w~th thefor real-time management of ~alts from these we>
aid of the model is ~eatest when schedules of eastlands is conswai~ed by the necessity to provide maxi-
side reservoir releases and estimates of agriculturalmum food value and habitat reqvziren3ents f’or
and wetland drainage dlscbarges are available. ThesediIl’erent wild~bwl species.
detorministie inputs reduce the errors associated with During early ,January 1996 ~he Grassland
the inherently stochastic nature of river flows and District, in cooperation wi~h the Water Quality Corn
agricultural loads. Reliable forecasts and the capabih-mittoe of the San doaquin River Mar3agemen~ Pro
W of dischargers m3d diverters ~o act upon these fore-gram (S3RMP), conduetod at3 experhne~al early
casts requires ~nformation exchange and coordinateddrainag~ release of ponded water. ’l%is early release
management, provided a potential benefit to tb~ River by reducing

the likelihood of downsweam salinity bnpac~s later
the season and reducing vhe r~sk of salh~ity objective
v{olations. The Water District requested that the

REOPE~TION OF E~T-SIDE RESERVOIRS        authors provide a ~orecaM of the most advantageous
tim~ Lo make this release. A model l~reeas~, made on

Water districts make releases ff{*m east-side reset-,January 15, 1996, suggested that the combination of
volts ~or power generation, irrigation, and maniclpalhigh river l]ows and an [n~minen~ ratostorm might
water to cities and towns located along the major Sanprovide the necessary assimilavive capac{~y. The peak
Joaquin tributaries Resewoir operators are obliga~dwetland release was timed so tha~ iL would coincide
to make releases ~ aid fi~h midst{on during ce~ainwith peak fl~w in the San Joaquin Riven Wetland
times of the year pursuant to their F~RC licenses andflushi~g began o~ January 18 and ended on ffebruaw
for recreation and other purposes negotiated with19, with the peak flow occurring between January 27
local interests. East-~id~ r~sa~oir operat~¢s have hadand Feb~va~ 10. This peak flow arrived ag Vernalis
~bw incentives in the pa~t to cooperate w~th agrlcul-between February 1 and February 14 (Figure 7). On
rural water distorts and wetland refuge managers ~o3anuary ~5, betbre the arrival of the wetland
impr~;ve wa~er quality conditions iv tbe San doaquinflow at VernalJs was approximately 56 cubic meters
Rive~: These attRudes are shifting with recent le~sla-per second, and the EC was 1000 uS,’cm. At ~he time
tlon to encourage water tr~]s~ers and water ~narket-oF arrival uf the peak wetland releases at Vernally,
int. Such incentives have allowed the Federalflow at ~rnalls ranged from ~48 to 294 cubic meters
G~wrnment to acquire wager supplies for tribu~a~par second and the ~C ranged from 220 to 480 uS/era.
pulse flows to aid fish mi~ation. The U.S. Bureau ofExcess asMmilative capacivy was ~hserved in the
Reclamation has developed a scheme to compensatoRiver fl~roughout fl~e simulati{n~ peri{~d as a result of
east side water districts for additional scheduled~he rainfixll r~no$~’events in the upper watershed. No
r~]eases that exceed no~al operations for ~he pur-violations of the EC objee{ive occurred during the
pose or improving ~be salmon fishery. These ~ulsetrial period, and there were no EC violations in th~
flows provide windows of opportunity £or west side San doaqnin River during March and April 1996.
agricultural wa~r dist.ricK~ and we,,land managers to
increase discharge flows and salt loads wifl~otat violat-
ing the San Joaquin River salinity objectives a~ Vet-
nabs.
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MANAGEMENT AND CONTP~OL OF and EC monitoring systems, recirculation pumps alld
AGRICULTURAL DRAINAGE ditches, drainage storage thcilities and sump control

systems will allow- centralized control ef drainage dis
The, most cos~-eff~ctive agricultural drainage con-charges tram each district outlet.

trol structm’es allow storage of drainage effluent d~ar
ins periods of low assimilative capacity and dischargeSource Control and Water Censers,arianof drainage effluent during 0eriods of high assimila-
tive capacity. Drainage efEuent is currently managed
by ~he following techniques: (a) drainage source con- Water conservatim~ practi~es have improved in
trol and wate.r conservation practices; (b) minindza-each of ~he DSA water dlstricts through the use of
tion of tailwater and separaClou of tailwater and irrigation consultants, the implementation of tiered
tilewater; (c) recirculation and blending of subsurfacewater pricing policies, and the orga,,izati~n of water
drainage water; and (d) manipulation of subsurfacemanage~nent workshop~ t’o~ farm workers with
drainage smnps. Implementation of these techniquesinstruction in both English and Spanish Consider
requires intensive water management and requireable improvements in ~n-farm irrigation practices
careful monitoring of salts, have occurred over the last 12 ~n~nLhs with invest-

The Grasslands Bypass Project, initiated in Otto meats in sgrinkler systems and gated pipe to reduce
bet 1996, is a unique pro)grain under wbich the agri-losses associated with furrow pre irrigation and
cultural water districts agreed to li~nit monthly and veyance in earth lined ditches. Farmers in the DSA
annual selenium loads from the 41,000 hectare DSA.had found that irrigation efficiencies were poorest
A fee schedule for all exceed~nces of monthly anddaring pre-irrigation resulting from poor application
annual targets (with a cap ~f $250,000) was agreedani~brmity.
afar negotiations between ~/le ~armer~, agricultural
water districts, and the state and federal agencies
participating in the project. Although the stringent TaHwaterl~etum~ Systems
tnonthly load limits currently constrain the flexibiliW
of ~,he water districts to adjust discharges to match District policies thai, r~quire all irrigation tailwater
river assimilative capacity, actions have been takento be recycled and kept separate l~’om subsurl’ace
that will lead to improvements in future real time drainage have improved an farm irrigation efficien-
management ~f discharges. A multi million dollarcies and reduced drainage volumes. One of the effects
investment by the participating water dlstricts in flow" of implementing this policy has bccn to educate ditch
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tenders aald increase their understanding of the effectdesigned to minimize their attraction to wild]ire by
of management practices on irrigation distributionmaking them deep with steep shorelines, denuded of’
vnifbrmity. As a result man), fields have been subdi-vegetation.
vlded and furrow row lengths reduced f’rom 800
meters (1/2 mile) to 400 meters ~14 m c’~

INSTIT[YPIONAL FRAMEWORK
Drainage Recirculation

Fur the real time water qualivy management sys
l’he volume of subsurface drainage that can betern to be fully implemented and successfully used by

recircu]ated is limited by th~ tolerance of the crop to stakeholders, s~me institu~,ion building and reform at
salt and boron concentrations. Generally, when subthe state ]eve] will likely be required. [t~centives need
surl’ace drainage is recirculated, it is blended withto be created tbr all parties ~br the acquisition, use
good quality surface supplies to minimize potential and sharing of drainage and reservoir release data.
negative impacts on crop yield, Ample supplies of Developing systems for disselninativl~ o1" current

good quality supply water are needed periodically in information to interested par~ies is the first step and
an irrigation system where recirculated subsurfacehas been initiated through use of the Interact and the
dra nage s ~sed (Rhoades,1984) creation ~f’an o-mail ]istserver f~r the project The
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Numerical Prediction of Precipitation °°°° .... ~;~
and River Flow over the Russian ~i

River Watershed during the January
1995 California Storms
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Plea~t Snow Madel (Mahrt and Par~ !984), which has
been fully coupled to MAS and has enabled us to keep

sol,ware developed b3 the United S~ateb Get, logical

Lawrence Livermore National l,aboratnr~ (Miller
1995). AI AS provides infommtion on topographic

and h>drologic ch~acteristics at sped fled resolutions

uted h}drolog} model. The conceptual vetsio~ of
TOPMODEL was initiated by Kirkby ( 1975 ), and the

Local Atmospheric and Hydrological Inform~ion (f979). TOPMODEL computes the soil water bud-

..................... a routed river flow in a specified arcm I{ hag been im

dmlogic processes (Sivapalan et aL 199{); Beven et
N. 1988; ~ood et aI. 1990} and has bccn applied [a

then averaged over imtix, a~ watershed mea~ com~1983) and the effect of climate ch~mgc ~m hydrologi
prated b> ALAS. TOPMODEL computes river flow cal processes (Wr~lock and Hornberger 1991) Our

mospheric variables simulated by MAS in conjunc-that it is driven by atmospheric ~ariab]cs !precipi~-
fion with sm face properties provided by ALAS. lion, temperatm-e, winds, at~d taxation) provided by

The MA5 m~le! (Kim and Soong 1994) is a primit~e MAS model.

(Takacs 1985) and ph~rsie~l processes for 1) preclpi-3. Precipitation ~nd ri~er ~low

atmosphere. MAS direet]y computes rainfaI! andusuNly large amount ofpreclpilalio~. Bet~-een 7 and

scheme bv~ Cho eta          . (989). It also p~c~vide~ mixino. ~fortda. Severa~ parts o[ ~he state weae a~Tected

clouds lbr computing s.lar and terrestrial radiativeBasin was among the ~reas harOest hit with
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lion. We carried otlt a simulation of local pfectpimountainous tetTain, we c~mpu/cd area mean daily

~e Russian Ri~er gasin in the northern California(3425~na) andoverthe~seawithintheRussianRiver
Coastal Range. Basin north of the Hoptaml gauge ~tati~m (658 km~)

t alnf’all and snowt~tll, since snowthll does not immetire Russima River wa~rshed and a*x enlargement for
diaIely affect river flows. The simulated 24-h accuthe rcgiun ~f the Russian River watershed m~rlh of
mulated taint’all and snowtall over the southwesternthe Hopland gauge station (herea~er Hopland water
United Slates ot111~ Jammry 1095 arc ah*~x~ n in Figs.shed) ate sht~wn in Fig. 3. The ~imulated daily pro
2a.b. The MAS model predicted heavy raincipitation averaged over the entire Russian River
fall during this period along the m~rlhc~n CoastalwatetshedandtheHopland watershedDequentlydif
Range, the westc~l slope of the Siena Nevada, amlless by n factor of 2 3, especially during tim flood
the southern California coast near Santa Barbara,ing sIage (Fig 4).
which was also severely flotMcd. Rainfall ll~ the rmrth Figure 5 compares the shnulated 6 h accumtflated
of the San ~rancisco Bay, including the northernpmcipitatinnavemgedoverlheHt~pland watershedto
part of the Rt~ssian River Basin, was particularlythe observed area mean prez-ip~tation, which is tlsed
heavy. Since the snow line was located at approxim run the operational river flow model 0f the Calf
n*alc/y 2000 m (Fig. 2b), all ofxhe precipitation thatfornia Nevada River Fl~reca~t Center. These observed
fel! aver the Russian River Basin was in the C~rrrt ofarea mean precipitation data are baseCt on four rain
rain. which qtdckly saturated the soils and causedgauge values i’renl Willits, UMN~, Yorkville, and Lake

<~s, erland flooding. Mendocino (b’ig. 3). A weighting function based ~n

Orog~aphic features of the te~ain in Calif*~rniaclimatologicalrainVall dlst~butionwithinthe H~oland
cause strong spatia] gradients in pr~ipitation. To il-watershed {E. Strem 1995, pers~nal ct~mlnunication)

col precipitati~m I’o~ computing rix, er flows withit*areas as
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station fiom L Io 12 January 1995. The
CARS System simulated the rP,,er llo~x

4. Conclusions

We have deve]opc.d a Col~plcd Atmo-
sphere River llow Sinmlatic)~

model with a physically based, clis/nb-

successfully modeled the January 1995

0.22Pw + 0.28P -tl ~+ ~ 23pv~,,k +      n[a Coastal Range. The simtdated a~ea mean prceipi~

t~alsoilwate~samrafiondeficitwerettc n stxmpof ~ ~0 ......

taint surface properties fbr computing ri~e~ flow The ~

rained b~ running ~10PMODEL with the observed

putedata200_mrcsol,tionttsingtOl~Ographceleva 1 2 ~ 4 5 6 ] ~ 9 ]0111~
tion data at a 100 m "esolufion, as sensitivity studies ~a~ ol danuary 1995
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